The neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and mean platelet volume (MPV) have been reported to be associated with the prognosis of various types of tumors. This study evaluated the prognostic value and clinical use of inflammatory markers for predicting 1-year survival in patients undergoing cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC). This retrospective study included 160 patients who underwent CRS with HIPEC between July 2014 and April 2017. Data on NLR, PLR, and MPV were collected preoperatively and on postoperative days (POD) 1, 2, 3, 4, and 5. In a multivariate analysis using a cox proportional hazard regression model, higher values of preoperative NLR and MPV, PLR, and MPV on POD 2, 3, and 5 were associated with reduced 1-year survival after CRS with HIPEC. Patients with increased MPV showed lower rates of 1-year survival following CRS with HIPEC. In addition, elevated preoperative NLR and postoperative PLR were correlated with poor survival. These markers are able to stratify patients by risk profile, which may ultimately improve perioperative management and be helpful in improving outcomes following CRS with HIPEC.
Introduction
Peritoneal invasion of tumors is generally regarded as a terminal cancer stage, which has very poor survival outcomes indicating metastasis of a primary cancer into the peritoneum [1] . For treatment of J. Clin. Med. 2019, 8, 589 2 of 14 patients with peritoneal carcinomatosis, cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) has become a promising strategy to improve survival benefits [2] [3] [4] [5] [6] [7] . For such advanced cancer patients undergoing CRS with HIPEC, easily measured and accurate prognostic biomarkers are needed to predict the course of postoperative outcomes and even guide treatment.
Inflammation plays an important role in the development of cancer in that inflammatory conditions augment carcinogenesis and inflammatory mediators produced by tumor cells further promote the development of tumors [8] . This imbalance in the immune system due to excessive inflammatory responses promotes tumor cell growth and can lead to poor survival outcomes. Thus, many studies have investigated the ability of inflammatory biomarkers to act as potential prognostic predictors capable of demonstrating the inflammatory status in various types of cancers [9] [10] [11] [12] [13] .
Changes in the number and composition of circulating cells in the blood are related to systemic inflammation, and in the process of inflammatory regulation, neutrophils, lymphocytes, and platelets are important mediators of inflammation [14] . Of note, measurement of the neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and mean platelet volume (MPV) is an inexpensive approach; further, these values are easily evaluated in most hospital laboratories, and these markers have been reported to be significantly associated with the prognosis of cancers including peritoneal carcinomatosis [9] [10] [11] [12] [13] 15, 16] . To the best of our knowledge, few studies have reported on the prognostic value of the NLR, PLR, and MPV for peritoneal carcinomatosis in patients undergoing CRS combined with HIPEC, and a degree of controversy remains on the subject.
Hence, we evaluated the prognostic value and clinical use of inflammatory biomarkers, including the NLR, PLR, and MPV, for predicting 1-year survival in patients undergoing CRS combined with HIPEC and compared their prognostic abilities.
Material and Methods

Patients
This retrospective study included the electronic medical records acquired from two tertiary referral hospitals (Severance Hospital and Gangnam Severance Hospital) of the Yonsei University Health Systems (Seoul, Korea). Following approval by the Institutional Review Board and Hospital Research Ethics Committee (Yonsei University Health System, Seoul, Korea; IRB protocol No. 4-2017-0187), waiver of informed consent was granted because of the retrospective nature of the study. The data of 182 patients who underwent CRS and HIPEC from July 2014 to April 2017 were reviewed. Among these 182 patients, 22 were excluded for the following reasons: 13 patients underwent only CRS without HIPEC, 4 patients died due to complications within 1 month, and 5 patients had incomplete data ( Figure 1 ).
Data Collection
All data were retrospectively collected from the electronic medical records. The demographics and perioperative variables included age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) physical status, underlying diseases such as hypertension and diabetes, prior chemotherapy, and preoperative peritoneal cancer index (PCI) scores. Operative data included the combined surgery, operation time, intraoperative fluid input and output, number of patients who received inotropic agents such as phenylephrine and norepinephrine, and perioperative temperatures. The number of patients who were admitted to the intensive care unit (ICU) and Acute Physiology and Chronic Health Evaluation scores at ICU admission were also collected. The NLR, PLR, and MPV were collected preoperatively (Preop) and on postoperative days (POD) 1, 2, 3, 4, and 5. 
Statistical Analysis
Continuous variables are described as frequency or mean (standard deviation) and categorical variables are described as number of patients (percentage). Continuous variables were compared by using the independent t-test, and categorical variables were compared by using the chi-square test or Fisher's exact test.
A linear mixed model was used to evaluate changes in the mean values of the NLR, PLR, and MPV over time. Two fixed effects were included: One between-subjects effect to assess the group effect (non-survival or survival) and one within-subjects effect to assess the time effect (Preop, PODs 2, 3, 4, and 5). A possible difference in sequence from Preop to POD 5 was analyzed using the group × time interaction. The group × time interaction was tested with a significance level of 0.05.
Univariate analysis was conducted to evaluate the independent factors for 1-year survival. Multivariate Cox proportional hazard regression was performed to identify associated independent factors, and the results are presented as hazard ratios (HRs) and 95% confidence intervals (CIs).
The Contal and O'Quigley method, which selects an optimal cutoff point by maximizing the HR, was selected at an optimal cutoff point by maximizing the HR and was performed to predict the optimal cutoff values based on time-to-event for dichotomization of clinical outcome variables. Kaplan-Meier curves were created based on 1-year survival, and the groups were compared by using the log-rank test. SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses. A p-value < 0.05 was considered statistically significant.
Results
Demographics and Perioperative Variables
The demographics and perioperative variables of the 160 patients with peritoneal carcinomatosis who underwent CRS with HIPEC are provided in Table 1 . The BMI in the non-survival group was significantly lower than that in the survival group. The non-survival group also had significantly higher scores of preoperative PCI and received more packed red blood cells (pRBC) intraoperatively than did the survival group. There were no significant differences in other variables between the nonsurvival and survival groups. 
Statistical Analysis
Results
Demographics and Perioperative Variables
The demographics and perioperative variables of the 160 patients with peritoneal carcinomatosis who underwent CRS with HIPEC are provided in Table 1 . The BMI in the non-survival group was significantly lower than that in the survival group. The non-survival group also had significantly higher scores of preoperative PCI and received more packed red blood cells (pRBC) intraoperatively than did the survival group. There were no significant differences in other variables between the non-survival and survival groups. Table 2 shows the prognostic factors affecting 1-year survival based on the univariate analysis. BMI, preoperative PCI scores, amounts of administered pRBC, the values of NLR and PLR from Preop until POD 5, and the values of MPV on PODs 3, 4, and 5 significantly affected 1-year survival. A multivariate analysis using a Cox proportional hazard regression model was performed at each time point and showed that higher values of preoperative NLR and MPV, PLR, and MPV on PODs 2, 3, and 5 were associated with reduced 1-year survival after CRS with HIPEC (Table 3) . NLR-neutrophil to lymphocyte ratio; PLR-platelet to lymphocyte ratio; MPV-mean platelet volume; POD 3-3 days after surgery; ROC-receiver operating characteristics.
Prognostic Factors Affecting 1-Year Survival after CRS with HIPEC
Overall Survival
The mean follow-up time in all patients was 45.0 (25.2) months, with a mean disease-free time of 639.7 (249.6) days in the survival group and 137.8 (73.0) days in the non-survival group (p < 0.001). Figure 4 shows the Kaplan-Meier curve of each variable (NLR, PLR, and MPV) from Preop until POD 5 according to the cutoff values based on the log-rank tests. The results from the Contal and O'Quigley method, Kaplan-Meier analyses, and log-rank tests showed that there was a correlation between decreased 1-year survival and higher NLR, PLR, and MPV from preop until POD 5. Values are presented as the hazard ratio (95% confidence interval). * p < 0.05. BMI-body mass index; CI-confidence interval; HR-hazard ratio; Pre-PCI-preoperative peritoneal cancer index; pRBC-packed red blood cell; NLR-neutrophil to lymphocyte ratio; PLR-platelet to lymphocyte ratio; MPV-mean platelet volume.
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Discussion
In the current study, we evaluated the prognostic value of the NLR, PLR, and MPV for predicting 1-year survival in patients undergoing CRS combined with HIPEC. The main finding was that patients with increased MPV showed lower rates of 1-year survival. In addition, elevated preoperative NLR and postoperative PLR were correlated with poor survival.
There have been increasing reports on the association between systemic inflammation and poor prognosis in various types of cancer [10, 17, 18] . Recently, inflammatory biomarkers have become a useful tool for risk stratification of prognosis and overall survival in cancer patients [19] [20] [21] [22] [23] . However, among various types of malignancies, patients with carcinomatosis who underwent CRS with HIPEC are assumed to be at the advanced stage, which represents high aggressiveness and maximum host inflammation. To date, only few studies have been performed in patients undergoing CRS with HIPEC; thus, it is still controversial whether inflammatory biomarkers may be helpful prognostic predictors in such advanced-stage cancer patients.
The NLR, PLR, and MPV have been evaluated as novel inflammation markers in many cancer types since the tests for these markers are inexpensive and are easily performed using routine laboratory analysis [15] . The NLR is calculated by dividing the number of neutrophils by the number of lymphocytes, which shows the relative difference of the neutrophil and lymphocyte counts, and the PLR is calculated as the number of platelets divided by the lymphocyte count, which presents the relative difference of the platelet and lymphocyte counts [24] . Recent studies have shown the utility of the NLR as a prognostic tool to predict disease-free and overall survivals in cancer patients [25] [26] [27] [28] . However, few studies have been performed on the preoperative NLR and survival in patients undergoing CRS with HIPEC [15] . Consistent with previous report, the multivariate analysis in the present study showed that elevated preoperative NLR was an independent prognostic factor for 1-year survival in patients undergoing CRS with HIPEC [15] . As with the NLR, the PLR has been investigated by numerous studies and identified as an independent risk factor for predicting survival in cancer patients [9, 10, 12, 29] . A meta-analysis involving 12,754 patients determined the PLR as an independent prognostic marker associated with overall survival in solid tumors [30] , and Bong et al. [16] . In the present study, however, following multivariate analysis, there was no significant difference in the preoperative PLR. This discrepancy was probably caused by the fact that the preoperative PLR was <300 in both the non-survival and survival groups; thus, the preoperative PLR was found to be a significant factor only in the univariate analysis. However, the multivariate analysis showed that the postoperative PLRs were associated with worsened 1-year survival in the present study.
The MPV is the mean size of platelets in the serum and reflects the rate and stimulation of platelet production [31] ; it is regularly measured using blood count analyzers. Although the role of MPV levels in inflammatory process responses has been investigated in the literature, it remains less studied compared with NLR and PLR [31] [32] [33] . High-volume platelets have been reported to be critically involved in the infiltration of inflamed tissue [34] . In addition, high-volume platelet infiltration has been shown to be a sign of inflammation in hepatocellular carcinoma, pancreatic adenocarcinoma, endometrial cancer, lung cancer, and gastric cancer [35] [36] [37] . Thus far, there have been no studies on MPV and postoperative prognosis in patients undergoing CRS with HIPEC. This retrospective study was the first to investigate the potential association between MPV and postoperative prognosis in peritoneal carcinomatosis patients who underwent CRS with HIPEC. An elevated preoperative MPV showed the most potent hazard ratio (HR) in predicting postoperative prognosis (HR, 1.658 (95% CI, 1.071-2.566)) compared to preoperative NLR or PLR after multivariate analysis. Furthermore, increased MPV values were significantly associated with prognosis both preoperatively and postoperatively. Elevated MPVs on PODs 2, 3, and 5 were independently associated with poor 1-year survival, with postoperative HR following an increasing trend (HR = 1.522, 1.820, and 1.970, respectively). This finding is similar to the findings of a previous study with colon cancer patients with stages III-IV who had significantly higher levels of MPV compared to the patients with stages I-II, and a significant reduction in MPV levels was found after surgical tumor resection [38] . Therefore, postoperative MPV increases reflect the aggressiveness of the tumor and inflammation, thus confirming their prognostic capabilities.
There are some limitations to this study. First, this study had a two-center design and was retrospective in nature; thus, it was difficult to confirm that the results obtained were completely representative of all patients undergoing CRS with HIPEC. Second, additional multiple confounding factors may have also affected the NLR, PLR, and MPV, but were not controlled for in the current study. Third, patients who underwent CRS with HIPEC due to ovarian cancers were not included in this study; thus, the outcome of those patients cannot be estimated based on the present results. Finally, a small sample size was used in the present study and patients were only followed up for a short period. Due to these restrictions, future research should focus on recruiting a larger number of patients and using longer follow-up periods to evaluate long-term survival rates. Nevertheless, clinically valuable points were found in this retrospective study. To the best of our knowledge, this study was the first to demonstrate the combined utilities of the NLR, PLR, and MPV from the preoperative to the postoperative period for determining the prognosis of patients who underwent CRS with HIPEC. This study provided evidence for a relationship between these inflammatory biomarkers and survival in patients with carcinomatosis undergoing CRS with HIPEC; thus, they may be appropriate biomarkers for use in the assessment of treatment efficacy to decide further treatment allocation.
In summary, patients with increased MPV showed a lower rate of 1-year survival following CRS with HIPEC. In addition, elevated preoperative NLR and postoperative PLR were also correlated with poor survival. These markers may be used to stratify patients by risk profile to ultimately augment perioperative management and may be helpful to improve outcomes following CRS with HIPEC. Funding: This research received no external funding.
